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Abstract Summary: We present a new optical frequency domain 
reflectometry technique which permits high frequency sweep 
repetition rates without sacrificing range. This technique could thus 
be adapted for remote and distributed acoustic sensing over long 
lengths of fibre. 
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I.  INTRODUCTION 
     Coherent optical frequency domain reflectometry (OFDR) 
is a high resolution optical fibre sensing technique commonly 
used for network maintenance and diagnostics of short to 
intermediate lengths of fibre [1]. Significant interest however 
exists for extending such techniques to long range, and also 
high measurement bandwidth. Long-haul applications 
requiring high-frequency (e.g. acoustic) signal detection 
include perimeter security and infrastructure health monitoring 
[2]. OFDR is of particular interest for such applications due to 
its high resolution, which permits accurate identification of the 
nature and location of disturbances. In order for OFDR to rival 
the range and bandwidth of the more commonplace technique 
of optical time domain reflectometry (OTDR), whilst 
providing much improved spatial resolution, a hybrid, time-
resolved variant of OFDR is sought.  
     This paper introduces such a technique involving digital 
range-gating of the optical signal, with the benefits over 
traditional OFDR stemming from its ability to solve the range 
ambiguity when sensing beyond a single frequency sweep.  
II. THE BEAT NOTE/RANGE AMBIGUITY 
     In traditional OFDR a single linear sweep of the lightwave 
frequency is typically used, which gives rise to beating 
between reflection events along a test fibre and a local 
oscillator. When continuously interrogating a fibre in real 
time, successive linear sweeps are usually required 
Nonetheless the sensing range is still restricted by the duration 
of a single sweep as there is no way of discerning between 
reflections from different sweep periods. This is known as the 
range/beat note ambiguity of OFDR [3]. For this reason the 
sweep repetition rate is usually kept quite low. However, for a 
given spatial resolution (and frequency sweep excursion) 
reducing the sweep repetition rate degrades the measurement 
bandwidth. Therefore a trade-off exists between the 
achievable range and measurement bandwidth in OFDR.  
III. DIGITALLY ENHANCED OFDR 
     The application of range-gating to OFDR however 
overcomes this trade-off. Range-gating is realized using 
digitally enhanced interferometry (DI), which is a spread 
spectrum technique that isolates interferometric signals in the 
time domain [3, 4]. The merging of DI and OFDR is referred 
to as digitally enhanced OFDR and its basic experimental 
implementation is shown in Figure 1.  
 
 
Figure 1. The basic configuration of digitally enhanced OFDR.  
 
It differs from traditional OFDR mainly in that the probe beam 
of the frequency-swept lightwave is time-stamped. The time-
stamping is achieved via high-frequency (i.e. spectrum-
spreading) phase-modulation determined by a pseudorandom 
noise (PRN) code c(t-τ0). The beating between the returning 
time-stamped probe beam and the local oscillator is then 
detected. By then selectively inverting the phase modulation 
digitally via decoding with the appropriately-delayed code c(t-
τj), signals from different sections of the test fibre can be 
despread. This means that signals from different frequency 
sweeps can be isolated and distinguished in the time domain 
when applying DI to OFDR. Therefore increasing the 
measurement bandwidth, by increasing the sweep repetition 
rate, no longer compromises range. This has been 
demonstrated with a  proof of concept experiment for a 5 kHz 
sweep rate and several kilometres of fibre. 
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